Prioritizing and targeting less developed regions is one of the multi-pronged strategies for doubling farmers' income (DFI) in India. Using an indicator approach, the present study assessed and mapped agro-ecological sub-regions (AESRs) based on ten indicators representing production, infrastructure, information, marketing and income of the farmers. On the basis of the composite index of agriculture development, AESR 9.1 and AESR 1.1 were found to be the most and the least developed regions respectively. Further, the potential districts for each of the less-developed AESRs have been identified for greater prudency in planning. The study concludes that for achieving the target of DFI within the stipulated time-frame, it is imperative to mainstream AESR-based planning in technological development and dissemination. The evidences revealed large and equitable response of the efforts targeted towards less-developed regions.
THE target of doubling farmers' income (DFI) by the year 2022 departs from the earlier agriculture development strategies, with a greater focus on improving the prospects of farmers' income in addition to output growth. Multi-pronged strategies and action plans are adopted to accomplish this target 1, 2 . One major segment of such an overreaching framework involves accelerating investment and developmental activities in agriculturally less-developed regions to address spatial disparity and growing livelihood shocks. However, assessment of agriculturally less-developed regions is a prelude for implementing technological and policy interventions.
Unlike industry, performance of an agriculture system relies on the complex interactions among climatic, ecological and socio-economic factors. In order to utilize available limited resources effectively and develop locationspecific technologies, several agencies and scholars have delineated and characterized homogenous regions based on soil, climate, physiography, etc. [3] [4] [5] [6] [7] . The basic purpose of delineating such regions is to identify a homogenous land unit, which will behave similarly under a given set of management practices imposed on a particular land use 8 . In spite of delineation of agro-ecological zones (AERs) at various levels of refinement, their use in planning has not been to the desired level 9 . Further, studies on the assessment of agro-ecological regions (AERs) or agroecological sub-regions (AESRs) based on agricultural development are limited. This study maps and ranks different AESRs of the National Bureau of Soil Survey and Land Use Planning (ICAR-NBSS&LUP, Nagpur) with the selected indicators of agricultural development. Moreover, the study also delineates relatively homogenous regions, explores intra-AESR variations in the level of agricultural development, and draws implications of mapping AESRs for achieving the target of DFI.
ICAR-NBSS&LUP has delineated 20 AERs based on length of growing period as an integrated criterion of effective rainfall and soil groups with boundaries adjusted to district level. Later, these 20 AERs were subdivided into 60 AESRs. In the present study, agricultural development in AESRs was assessed in terms of ten indicators representing production, infrastructure, information, marketing and income of farmers. The district boundaries were superimposed over the AESR map and contribution of each district area to every AESR was worked out. In the absence of information on development indicators chosen at sub-district level, the indicator was assumed to be uniformly representing the entire district. Table 1 presents description of indicators under consideration. The mean values of these indicators were estimated for the period 2011-13 at district level and further aggregated at AESR level using district area under each AESR as weight. The agricultural development was assessed for all AESRs, except AESR-20.1 and AESR-20.2 (covering Andaman and Nicobar Islands) due to unavailability of data.
AESRs were characterized in terms of selected indicators and a composite index of agricultural development (ADI) was constructed for each AESR using the following statistical procedure 10 . Let [X]ij be the data matrix, where i = 1, 2, …, n (number of AESRs) and j = 1, 2, …, k (number of indicators). Since data in [X]ij come from different population distributions and might be recorded in different units of measurement, they are not suitable for simple addition to obtain the composite index. Therefore, [X] Figure 1 presents ranking of AESRs based on ADI. AESR 9.1 occupies the first position with ADI value of 0.421, whereas AESR 1.1 is found to be agriculturally the least-developed region with ADI value of 0.920. The most-developed AESR 9.1 (Northern Plain: hot subhumid dry zone covering parts of Jammu and Kashmir, Haryana, Punjab, Uttarakhand and Uttar Pradesh) is followed by AESR 14.5 and AESR 4.1. On the other hand, the least-developed AESR 1.1 (Western Himalaya: cold arid zone) is preceded by AESR 16.2 and AESR 18.1.
The regions exhibiting nearly the same level of agricultural development were identified by categorizing AESRs into four quartile classes of ADI. These regions are termed as high, moderate, medium and less developed regions with mean ADI values 0.602, 0.689, 0.744, and 0.830 respectively ( Figure 2 and Table 2 ). Table 2 lists AESRs falling into different categories of agricultural development along with the mean values of indicators. As expected, AESRs grouped as highly developed regions exhibited significantly higher values of all the indicators compared to less-developed AESRs. Based on the results, it can be inferred that increasing output per unit of land and strengthening farm-market linkages (through market reforms) are appropriate strategies for improving farmers' income. Crop productivity at aggregate level can be enhanced by expanding irrigation coverage, sustainable utilization of groundwater resources, balanced use of fertilizers, raising crop intensity by bringing fallow land into cultivation, improving credit (institutional) availability and bridging the knowledge gaps 11 . The improved agricultural productivity would also translate into higher productivity of agricultural workers. Productivity of agricultural workers at aggregate level can be further increased by reducing the labour dependability through employment diversification towards non-farm sectors. of agricultural development. These AESRs, covering 81.5 m ha geographical area, shall be prioritized and targeted for developmental efforts which would fetch quick response and lead to equitable regional development. It is pertinent to mention that each AESR (even among the less-developed ones) responds differently to the developmental activities depending upon its potential and constraints. This underscores development of customized and specific technological and policy interventions at the AESR level to achieve the target of DFI. Table 3 lists districts of the less-developed AESRs, for which a common development programme can be prepared.
Apart from agro-climatic conditions, agriculture performance is greatly influenced by various anthropogenic factors prevailing at sub-regional level. The present study has examined the variation in agricultural development among the districts falling within each AESR. For this, ADI of the ten selected indicators was estimated for 576 districts and these districts were classified into four quartile classes representing high, moderate, medium and low levels of agricultural development. Subsequently, ADI map of districts was superimposed on AESR map to reflect the variation in agricultural development within AESRs (Figure 3 ). The results reveal wide variation in agricultural development at sub-regional level in all the AESRs, except a few. The overall level of agricultural development in a given AESR would be a combined measure (weighted average) of agricultural development in districts falling within its boundary. Thus, a lessdeveloped AESR might have district(s) with a high level of agricultural development and vice-versa. As all districts falling in a given AESR exhibit similar agroclimatic conditions, districts with a high level of development, particularly in a less-developed AESR, can be identified as potential districts for that region. Such potential districts for less-developed AESR have been identified and listed in Table 3 (boldface). Similarly, districts with low-level of agricultural development falling in highly-developed AESRs can be targeted for developmental activities. ADI-based mapping of AESRs assumes a crucial role in achieving the target of DFI in India. It helps developmental planners identify and prioritize agriculturally lessdeveloped regions, and formulate customized strategic plans that would fetch near uniform response to the interventions at AESR level. Outcomes of the efforts targeted towards less-developed regions are expected to be large and equitable. The present study has evaluated these hypotheses while drawing the implications of ADI-based mapping on DFI in the country. The analysis includes obtaining attainable level of income for each region and simulating marginal effect of achieving that level in a given region on overall farmers' income in the country. For simplicity, mean farmers' income plus three-standard error, which represents the upper limit in a normally distributed population at 99% confidence interval, has been taken as a proxy measure for attainable income ( Table 4) . The less-developed regions exhibited the highest variability in mean income level with 40.9% gap between actual and attainable income. The results reveal that if agriculturally less-developed regions fill this gap, farmers' income in the nation would increase by 8.63%. On the other hand, marginal effect of targeting high, medium and moderately developed regions on overall farmers' income would be 6.15%, 5.63% and 3.89% respectively. Further, targeting less-developed regions would lead to faster reduction in inter-regional disparity in the income. The CV value among the four regions at the present level of farmers' income was estimated as 12%. In the scenario of targeting highly-developed regions, ceteris paribus, the CV value increased to 22%. However, targeting less-developed regions resulted in reduction in CV value to 9%. These results suggest large and equitable outcomes of targeting agriculturally less-developed regions.
There exists wide regional variation in the level of agricultural development depending upon the potential and constraints in the respective AESR. The characterization and mapping of AESRs significantly contribute in agricultural planning and developmental activities through delineating regions with varying levels of agricultural development. It is expected that a given intervention would produce almost similar response within an AESR. Therefore, the present study advocates customized technological and policy interventions at the AESR level to achieve the target of DFI within the stipulated time-frame. For effective implementation and monitoring of interventions, districts falling in each of the less-developed AESRs have been identified. Further, potential districts for each of the less-developed AESRs have also been identified, which can be taken as a benchmark for evaluating the progress of developmental activities. The study concludes that prioritization and targeting of agriculturally less-developed regions would fetch large and equitable response of the interventions aimed towards DFI.
